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Description 



Printing Apparatus and Printing Method 



Technical Field 

This invention relates to a printing apparatus 
which includes a head having a plurality of ink 
discharging portions provided in a juxtaposed 
relationship thereon and a printing method which uses a 
head having a plurality of ink discharging portions 
provided in a juxtaposed relationship thereon, and 
particularly relates to a technique for printing print 
data with an optimum printing resolution. 

Background Art 

An ink jet printer (hereinafter referred to simply 
as "printer" ) which is an example of a related-art 
printing apparatus includes a head having a plurality of 



ink discharging portions provided in a juxtaposed 
relationship thereon and each having a nozzle. Ink 
droplets are discharged from the ink discharging portions 
toward a printing object to form an image. 

Here, the printing resolution of the head depends 
upon the juxtaposition distance of the ink discharging 

1 



S03P1261 



portions. For example, where the resolution is 300 dpi, 
the distance between the ink discharging portions is set 
to approximately 84.6 jam. 

In addition to a case wherein a head of 3 00 dpi is 
used, for example, to print with a resolution of 300 dpi, 
also it is possible to print with another resolution 
equal to l/n (n is a positive number) the original 
resolution of the head such as 150 dpi by thinning out 
the discharges of ink droplets from the ink discharging 
portions . 

Or, if the head is moved by a plural number of 
times at the same printing position so that ink droplets 
are landed at distances equal to l/n the distance between 
the ink discharging portions, then also it is possible to 
print with a resolution equal to n times the original 
resolution of the head such as, for example, 600 dpi or 
1,2 00 dpi. 

However, in the related-art described above, where 
the resolutions of print data and the printer do not 
coincide with each other, it is necessary to convert the 
print data into print data of the resolution of the 
printer by interpolation. However, the related-art 
described above has a problem that the conversion 
deteriorates the resolution. 
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FIG. 11A shows, in an enlarged scale, an image of 
600 dpi and particularly shows white and black lines 
formed in a pitch of 42.3 \im. If it is tried to print the 
print data using a printer having a resolution of, for 
example, 720 dpi, then the image of 600 dpi is converted 
into another image of 720 dpi. However, upon such 
conversion, the resolution of the image deteriorates, and 
an image having a deteriorated resolution as shown in 
FIG. 11B is printed. 

Further, in a printer which includes a serial head 
which successively discharges ink droplets while the head 
is moved in a widthwise direction of print paper, also it 
is possible to change the displacement amount of the head 
in the paper feeding direction to vary the resolution. 
However, the printer has a problem that, depending upon a 
required resolution, a very small displacement amount is 
required and a very long period of time is required for 
the printing. Further, a printer which includes a line 
head having ink discharging portions provided in a 
juxtaposed relationship over a substantially overall 
width of print paper has a problem that the resolution 
cannot be changed because ink droplets are merely 
discharged from ink discharging portions of the fixedly 
provided line head but the line head does not move in the 
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widthwise direction of the print paper. 

Disclosure of Invention 

Accordingly, the subject to be solved by the 
present invention is to make use of a technique (Japanese 
Patent Application No. 2002-112947 and so forth) proposed 
already by the applicant of the present patent 
application wherein an ink droplet from each of ink 
discharging portions can be deflected to a plurality of 
directions to make it possible to vary the resolution to 
print and to control, when the resolution is varied, so 
that the deterioration of the image may be reduced. A 
high effect is obtained particularly by a printer which 
includes a line head having ink discharging portions 
provided in a juxtaposed relationship over a 
substantially overall width of the print paper. 

The present invention solves the subject described 
above by the following solving means. 

According to the present invention, a printing 
apparatus which includes a head having a plurality of ink 
discharging portions provided in a juxtaposed 
relationship thereon and capable of deflecting a 
discharging direction of an ink droplet to be discharged 
from each of the ink discharging portions to a plurality 
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of directions in the juxtaposition direction of the ink 
discharging portions, is configured such that: a printing 
resolution is determined in response to inputted print 
data from between or among a plurality of printing 
resolutions with which the printing apparatus can print 
and which are determined from a juxtaposition distance of 
the ink discharging portions and a plurality of 
directions in which an ink droplet can be discharged from 
the ink discharging portions; those of the ink 
discharging portions from which an ink droplet is to be 
discharged are selected based on the determined printing 
resolution and the discharging direction of an ink 
droplet from each of the selected ink discharging 
portions is determined; and then a discharge execution 
signal with which the discharging direction of an ink 
droplet can be specified is transmitted to each of the 
selected ink discharging portions to execute printing 
with the printing resolution determined in response to 
the inputted print data from between or among the 
plurality of printing resolutions. 

In the invention described above, the head of the 
printing apparatus is formed such that the discharging 
direction of an ink droplet can be deflected to a 
plurality of directions in the juxtaposition direction of 



S03P1261 



the ink discharging portions. 

If print data are inputted to the printing 
apparatus, then an optimum printing resolution is 
determined in response to the print data. Then, after the 
printing resolution is determined, those of the ink 
discharging portions from which an ink droplet is to be 
discharged are selected, and a discharge execution signal 
with which the discharging direction of an ink droplet 
can be specified is transmitted to each of the selected 
ink discharging portions. The ink discharging portion 
discharges an ink droplet to a predetermined direction in 
accordance with the discharge execution signal. 
Accordingly, printing can be performed with a printing 
resolution optimum to the print data. 

Brief Description of Drawings 

FIG. 1 is an exploded perspective view showing a 
head of an ink jet printer to which an ink printing 
apparatus according to the present invention is applied. 

FIG. 2 is a plan view showing an embodiment of a 
line head. 

FIG. 3 is a plan view and a side elevational 
sectional view showing an ink discharging portion of the 
head more particularly. 
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FIG. 4 is a view illustrating deflection of a 
discharging direction of an ink droplet. 

FIGS. 5A and 5B are graphs illustrating a 
relationship between the ink bubble generation time 
difference between two divisional pieces of a heat 
generating resistor member and the discharging angle of 
an ink droplet, and FIG. 5C is a graph illustrating 
actual measurement value data of the ink bubble 
generation time difference between the two divisional 
pieces of the heat generating resistor member. 

FIG. 6 is a circuit diagram embodying a discharging 
direction deflection means of the present embodiment. 

FIG. 7 is a view illustrating a state wherein ink 
droplets are discharged in a deflected state from ink 
discharging portions of the head in an example wherein 
the resolution is 600 dpi. 

FIG. 8 is a view illustrating a state wherein ink 
droplets are discharged in a deflected state from the ink 
discharging portions of the head in another example 
wherein the resolution is 4,800 dpi. 

FIG. 9 is a view illustrating a state wherein ink 
droplets are discharged in a deflected state from the ink 
discharging portions of the head in a further example 
wherein the resolution is 960 dpi. 
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FIG. 10 is a view illustrating a state wherein ink 
droplets are discharged in a deflected state from the ink 
discharging portions of the head in a still further 
example wherein the resolution is 720 dpi. 

FIG. 11A is a view showing white and black lines of 
an image of 600 dpi in an enlarged scale and FIG. 11B is 
a view showing an example wherein the image of FIG. 11A 
is printed after it is converted into an image of 720 dpi 

Best Mode for Carrying out the Invention 

In the following, an embodiment of the present 
invention is described with reference to the drawings and 
so forth. 

FIG. 1 is an exploded perspective view showing a 
head 11 of an ink jet printer (hereinafter referred to 
simply as "printer" ) of the thermal type to which a 
printing apparatus according to the present invention is 
applied. Referring to FIG. 1, a nozzle sheet 17 is 
adhered to a barrier layer 16 and shown in an exploded 
state . 

In the head 11, a substrate member 14 includes a 
semiconductor substrate 15 made of silicon or the like, 
and heat generating resistor members 13 (energy 
generation means) formed by deposition on one of faces of 
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the semiconductor substrate 15. The heat generating 
resistor members 13 are electrically connected to a 
circuit hereinafter described through a conductor section 
(not shown) formed on the semiconductor substrate 15. 

The barrier layer 16 is made of a dry film resist, 
for example, of the photo-curing type and is formed by 
laminating the dry film resist over an overall face of 
the semiconductor substrate 15 on which the heat 
generating resistor members 13 are formed and then 
removing unnecessary portions by a photo- lithography 
process . 

Further, the nozzle sheet 17 has a plurality of 
nozzles 18 formed therein and is formed, for example, by 
electrocasting of nickel. The nozzle sheet 17 is adhered 
to the barrier layer 16 such that the positions of the 
nozzles 18 may coincide with the positions of the heat 
generating resistor members 13, that is, the nozzles 18 
may oppose to the heat generating resistor members 13 . 

Ink liquid chambers 12 are formed from the 
substrate member 14, barrier layer 16 and nozzle sheet 17 
in such a manner as to surround the heat generating 
resistor members 13. In particular, the substrate member 
14 forms a bottom wall of the ink liquid chambers 12 in 
the figure; the barrier layer 16 forms side walls of the 
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ink liquid chambers 12; and the nozzle sheet 17 forms a 
top wall of the ink liquid chambers 12. Consequently, 
each of the ink liquid chambers 12 has an opening face at 
a right side front face thereof in FIG. 1, and the 
opening face and an ink flow path (not shown) communicate 
with each other. 

The one head 11 described above includes a 
plurality of heat generating resistor members 13 normally 
in a unit of 100 members and ink liquid chambers 12 which 
individually include the heat generating resistor members 
13. The heat generating resistor members 13 can be 
selected uniquely in accordance with instructions from a 
control section of the printer so that ink in the ink 
liquid chambers 12 corresponding to the heat generating 
resistor members 13 is discharged from the nozzles 18 
opposing to the ink liquid chambers 12. 

In particular, ink is filled into the ink liquid 
chambers 12 from an ink tank (not shown) coupled to the 
head 11. Then, pulse current is supplied for a short 
period of time, for example, for 1 to 3 ysec, to any of 
the heat generating resistor members 13 to rapidly heat 
the heat generating resistor member 13. As a result, a 
vapor phase ink bubble is generated in the ink at a 
location contacting with the heat generating resistor 
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member 13. As a result of expansion of the ink bubble, 
the ink of a predetermined volume is pushed away (the ink 
comes to the boil) . Consequently, the ink of a volume 
substantially equal to that of the pushed away ink is 
discharged as a droplet from the corresponding nozzle 18 
and landed on print paper. 

It is to be noted that, in the present 
specification, a portion formed from an ink liquid 
chamber 12, a heat generating resistor member 13 disposed 
in the ink liquid chamber 12 and a nozzle 18 disposed 
above the heat generating resistor member 13 is referred 
to as "ink discharging portion". In other words, the head 
11 includes a plurality of ink discharging portions 
provided in a juxtaposed relationship with each other. 

Further, in the present embodiment, a plurality of 
heads 11 are disposed in a juxtaposed relationship in the 
widthwise direction of the print paper to form a line 
head. FIG. 2 is a plan view showing an embodiment of the 
line head 10. In FIG. 2, four heads 11 ("N-l", n N", W N+1" 
and u N+2") are shown. When the line head 10 is to be 
formed, a plurality of portions (head chips) each formed 
by removing the nozzle sheet 17 from the head 11 in 
FIG. 1 are juxtaposed. Then, a single nozzle sheet 17 
having nozzles 18 formed at positions thereof 
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corresponding to the ink discharging portions of all of 
the head chips is adhered to an upper portion of the head 
chips to form the line head 10. 

Now, the ink discharging portions of the present 
embodiment are described in more detail. 

FIG. 3 is a plan view and a side elevational 
sectional view showing an ink discharging portion of a 
head 11 more particularly. In the plan view of FIG. 3, a 
nozzle 18 is indicated by alternate long and short dashed 
lines . 

As shown in FIG. 3, in the present embodiment, two 
divisional pieces of a heat generating resistor member 13 
are provided in a juxtaposed relationship in one ink 
liquid chamber 12. Further, the juxtaposition direction 
of the two divisional pieces of the heat generating 
resistor member 13 is the juxtaposition direction 
(leftward and rightward direction in FIG. 3) of the 
nozzles 18 (ink discharging portions) . 

Where the heat generating resistor member 13 is of 
the type wherein it is divided into two divisional pieces 
in a vertical direction in this manner, since the heat 
generating resistor member 13 has an equal length but has 
a width reduced to one half, the heat generating resistor 
member 13 has a resistance value equal to twice. If the 
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two divisional pieces of the heat generating resistor 
member 13 are connected in series, then the two pieces of 
the heat generating resistor member 13 each having the 
twice resistance value are connected in series and 
exhibits a resistance value equal to four times. 

Here, in order for the ink in the ink liquid 
chamber 12 to be boiled, it is necessary to apply fixed 
electric power to the heat generating resistor member 13 
to heat the heat generating resistor member 13 . This is 
because an ink droplet is discharged by the energy when 
the ink is boiled. Then, while, where the resistance 
value is low, it is necessary to make the electric 
current to be supplied high, the ink can be boiled with 
lower electric current by raising the resistance value of 
the heat generating resistor member 13 . 

Consequently, also the size of a transistor and so 
forth for supplying electric current can be reduced, and 
reduction of the space can be anticipated. It is to be 
noted that, although the resistance value can be 
increased if the heat generating resistor member 13 is 
formed with a reduced thickness, there is a fixed 
limitation to reduction of the thickness of the heat 
generating resistor member 13 from the point of view of 
the material or the strength (durability) selected for 
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the heat generating resistor member 13. Therefore, the 
resistance value of the heat generating resistor member 
13 is raised by dividing the heat generating resistor 
member 13 without reducing the thickness. 

Where a two-piece heat generating resistor member 
13 is provided in one ink liquid chamber 12, if the times 
(bubble generation times) necessary for both pieces of 
the heat generating resistor member 13 to be heated to a 
temperature at which the ink is boiled are set equal to 
each other, then the ink is boiled at the same time on 
the two pieces of the heat generating resistor member 13 
and an ink droplet is discharged in the direction of the 
center axis of the nozzle 18. 

In contrast, if a time difference appears between 
the bubble generation times of the two pieces of the heat 
generating resistor member 13, then the ink is not boiled 
at the same time on the two pieces of the heat generating 
resistor member 13. Consequently, the discharging 
direction of the ink droplet is displaced from the 
direction of the center axis of the nozzles 18, and the 
ink droplet is discharged in a deflected direction. 
Consequently, the ink droplet is landed at a position 
different from the landing position of the ink droplet 
when it is discharged without any deflection. 
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FIG. 4 is a view illustrating deflection of the 
discharging direction of an ink droplet. Referring to FIG. 
4, if an ink droplet i is discharged perpendicularly to a 
discharging plane of the ink droplet i, then the ink 
droplet i is discharged without deflection. In contrast, 
if the discharging direction of the ink droplet i is 
deflected and the discharging angle is displaced by 9 
from the perpendicular direction (Zl or Z2 direction in 
FIG. 4) , then where the distance between the discharging 
plane and the P plane of the print paper (landing plane 
of the ink droplet i) is represented by H (H is 
substantially fixed) , the landing position of the ink 
droplet i is displaced by 

AL = H x tanG 

FIGS. 5A and 5B are graphs illustrating a 
relationship between the ink bubble generation time 
difference between the two divisional pieces of the heat 
generating resistor member 13 and the discharging angle 
of an ink droplet and indicate a result of a simulation 
by a computer. In the graphs, the X direction is the 
juxtaposition direction of the nozzles 18, and the Y 
direction is a direction (print paper feeding direction) 
perpendicular to the X direction. Meanwhile, FIG. 5C 
illustrates actual measurement value data of the ink 
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bubble generation time difference by the two divisional 
pieces of the heat generating resistor member 13. In FIG. 
5C, the axis of abscissa indicates the deflection current 
which is one half the difference in electric current 
amount between the two divisional pieces of the heat 
generating resistor member 13, and the axis of ordinate 
indicates the displacement amount at the landing position 
of an ink droplet (the displacement amount was actually 
measured setting the distance between the discharging 
plane of an ink droplet to the landing position on the 
print paper to approximately 2 mm) . In FIG. 5C, 
deflection discharging of an ink droplet was performed 
setting the main current of the heat generating resistor 
member 13 to 80 mA while the deflection current was 
applied in an overlapping relationship to one. of the 
pieces of the heat generating resistor member 13. 

Where bubble generations of the two divisional 
pieces of the heat generating resistor member 13 divided 
in the juxtaposition direction of the nozzles 18 have a 
time difference, the discharging angle of an ink droplet 
is displaced from the perpendicular, but the discharging 
angle 0x of an ink droplet in the juxtaposition direction 
of the nozzles 18 increases as the bubble generation time 
difference increases . 
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Therefore, in the present embodiment, this 
characteristic is utilized such that two divisional 
pieces of the heat generating resistor member 13 are 
provided and the amounts of current to be supplied to the 
individual pieces of the heat generating resistor member 
13 are made different from each other to control the 
bubble generation times on the two pieces of the heat 
generating resistor member 13 so that they may be 
different from each other thereby to deflect the 
discharging direction of an ink droplet (discharging 
direction deflection means) . 

For example, where the resistance values of the two 
divisional pieces of the heat generating resistor member 
13 are not equal values to each other due to a production 
error or the like, a bubble generation time difference 
appears between the two pieces of the heat generating 
resistor member 13. Consequently, the discharging angle 
of an ink droplet is displaced from the perpendicular, 
and the landing position of an ink droplet is displaced 
from its original position. However, if the bubble 
generation times on the different pieces of the heat 
generating resistor member 13 are controlled so that the 
bubble generation times of the two pieces of the heat 
generating resistor member 13 may be the same time by 
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making the current amounts to be supplied to the two 
divisional pieces of the heat generating resistor member 
13, then it is possible to control the ink droplet 
discharging angle to the perpendicular. 

For example, by deflecting the discharging 
directions of all ink droplets in a particular one, two 
or more ones of the heads 11 in the line head 10 with 
respect to their original directions, the discharging 
directions of the heads 11 from which ink droplets are 
not discharged in predetermined directions due to a 
production error or the like can be corrected so that ink 
droplets are discharged in the predetermined directions. 

Further, it is possible to deflect only the 
discharging directions of ink droplets from one, two or 
more particular ink discharging portions in one head 11. 
For example, if the discharging direction of an ink 
droplet from a particular ink discharging portion in one 
head 11 is not parallel to the discharging directions of 
ink droplets from the other ink discharging portions, 
then it is possible to deflect the discharging direction 
of an ink droplet from the particular ink discharging 
portion so that it may be parallel to the discharging 
directions of ink droplets from the other ink discharging 
portions . 

18 



S03P1261 



Furthermore, if the line head 10 has an ink 
discharging portion which cannot discharge an ink droplet 
or can discharge an ink droplet but insufficiently, then 
since no or little ink droplet is discharged along a 
pixel column (direction perpendicular to the 
juxtaposition direction of the ink discharging portions) 
corresponding to the ink discharging portion, a vertical 
white stripe appears and deteriorates the print quality. 
However, where the present embodiment is used, it is 
possible to use another ink discharging portion 
positioned in the proximity of the ink discharging 
portion which cannot discharge an ink droplet 
sufficiently such that an ink droplet is discharged in 
place of the ink discharging portion which cannot 
discharge an ink droplet sufficiently. 

Now, the discharging direction deflection means is 
described more particularly. The discharging direction 
defection means in the present embodiment includes a 
current mirror circuit (hereinafter referred to as CM 
circuit) . 

FIG. 6 is a circuit diagram embodying the 
discharging direction deflection means of the present 
embodiment. First, components and a connection state used 
in the present circuit are described. 
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Referring to FIG. 6, resistors Rh-A and Rh-B are 
resistances of the two divisional pieces of the heat 
generating resistor member 13 and are connected in series. 
A power supply Vh is a power supply for applying a 
voltage to the resistors Rh-A and Rh-B. 

The circuit shown in FIG. 6 includes transistors Ml 
to M21, among which the transistors M4 , MS, M9 , Mil, M14, 
M16 , M19 and M21 are PMOS transistors while the other 
transistors are NMOS transistors. In the third of FIG. 6, 
a CM circuit is formed, for example, from the transistors 
M2 , M3 , M4, M5 and M6 , and totaling 4 CM circuits are 
provided in the circuit. 

In the present circuit, the gate of the transistor 
M6 and the gate of the transistor M4 are connected to 
each other. Further, the drains of the transistors M4 and 
M3 are connected to each other, and the drains of the 
transistors M6 and M5 are connected to each other. This 
similarly applies also to the other CM circuits. 

Furthermore, the drains of the transistors M4 , M9 , 
M14 and M19 and the drains of the transistors M3 , M8 , M13 
and M18 each of which forms part of a CM circuit are 
connected to a midpoint of the resistors Rh-A and Rh-B. 

Meanwhile, each of the transistors M2 , Ml, M12 and 
M17 serves as a constant current source of a CM circuit, 

20 



S03P1261 



and the drains of them are connected to the sources of 
the transistors M3 , M8 , M13 and M18, respectively. 

Furthermore, the transistor Ml is connected at the 
drain thereof in series to the resistor Rh-B such that, 
when a discharge execution input switch A exhibits a 
value 1 (ON) , the transistor Ml exhibits an ON state to 
allow electric current to flow through the resistors Rh-A 
and Rh-B . 

Output terminals of AND gates XI to X9 are 
connected to the gates of the transistors Ml, M3 , M5 , M8 , 
M10, M13, M15, M18 and M20, respectively. It is to be 
noted that, although the AND gates XI to X7 are of the 2- 
input type, the AND gates X8 and X9 are of the 3 -input 
type. At least one of the input terminals of each of the 
AND gates XI to X9 is connected to the discharge 
execution input switch A. 

Furthermore, one of input terminals of XNOR gates 
X10, X12, X14 and X16 is connected to a deflection 
direction changeover switch C while the other input 
terminal is connected to one of deflection control 
switches Jl to J3 and a discharge angle correction switch 
S . 

The deflection direction changeover switch C is a 
switch for changing over the ink discharging direction to 
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one of the opposite sides in the juxtaposition direction 
of the nozzles 18. If the deflection direction changeover 
switch C is switched to 1 (ON) , then one of the inputs of 
the XNOR gate X10 is switched to 1. 

Moreover, each of the deflection control switches 
Jl to J3 is a switch for determining a deflection amount 
when deflecting the ink discharging direction. If the 
input terminal J3 is switched to 1 (ON) , then one of the 
inputs of the XNOR gate X10 is switched to 1. 

Further, output terminals of the XNOR gates X10, 
X12, X14 and X16 are connected respective ones of the 
input terminals of the AND gates X2 , X4 , X6 and X8 and 
also connected to respective ones of the input terminals 
of the AND gates X3 , X5, X7 and X9 through NOT gates XI 1, 
X13, X15 and X17, respectively. Further, one of the input 
terminals of each of the AND gates X8 and X9 is connected 
to a discharging angle correction switch K. 

Furthermore, a deflection amplitude control 
terminal B is a terminal for determining the amplitude of 
one step of deflection and is a terminal which determines 
the current values of the transistors M2 , Ml, M12 and M17 
which serve as the constant current sources of the 
individual CM circuits. The deflection amplitude control 
terminal B is connected to the gates of the transistors 
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M2, M7, M12 and M17 . If the deflection amplitude control 
terminal B is set to 0 V, then the electric current of 
the current sources becomes 0 and no deflection current 
flows, and consequently, the deflection amplitude can be 
controlled to zero. If the voltage is gradually raised, 
then the current value gradually increases, and 
increasing defection current can be supplied and also the 
deflection amplitude can be increased. 

In other words, an appropriate deflection amplitude 
can be controlled with the voltage to be applied to the 
terminal . 

Further, the source of the transistor Ml connected 
to the resistor Rh-B and the sources of the transistors 
M2 , M7, M12 and M17 which serve as the constant current 
sources of the individual CM circuits are connected to 
the ground (GND) . 

In the configuration described above, the numeral 
(XN) , where N = 1, 2, 4, or 50, added in a parenthesis to 
each of the transistors Ml to M21 indicates a parallel 
connection state of such elements, and for example, (XI) 
(M12 to M21) indicates that the transistor has a standard 
device and (X2) (M7 to Mil) indicates that the transistor 
has a device equivalent to a parallel connection of two 
standard devices. In the following description (XN) 
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indicates that the transistor has a device equivalent to 
a parallel connection of N standard devices. 

Consequently, since the transistors M2 , Ml , M12 and 
M17 are (X4), (X2) , (XI) and (XI), respectively, if a 
suitable voltage is applied between the gate and the 
ground of the transistors, then the drain currents of the 
transistors exhibit a ratio of 4:2:1:1. 

Now, operation of the present circuit is described. 
First, description is given with attention paid only to 
the CM circuit which includes the transistors M3 , M4 , M5 
and M6 . 

The discharge execution input switch A exhibits the 
value 1 (ON) only when ink is to be discharged. 

For example, where A = 1, B = application of 2.5 V, 
C = 1 and J3 = 1, since the output of the XNOR gate X10 
is 1, this output 1 and A = 1 are inputted to the AND 
gate X2 , and the output of the AND gate X2 becomes 1. 
Consequently, the transistor M3 is turned on. 

Further, when the output of the XNOR gate X10 is 1, 
since the output of the NOT gate Xll is 0, this output 0 
and A = 1 are inputted to the AND gate X3 . Consequently, 
the output of the AND gate X3 becomes 0, and the 
transistor M5 is turned off. 

Consequently, since the drains of the transistors 
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M4 and M3 are connected to each other and the drains of 
the transistors M6 and M5 are connected to each other, 
when the transistor M3 is ON and the transistor M5 is OFF 
as described above, current flows from the transistor M4 
to the transistor M3 , but no current flows from the 
transistor M6 to the transistor M5 . Further, from a 
characteristic of the CM circuit, when no current flows 
to the transistor M6, no current flows to the transistor 
M4 either. Further, since 2.5 V is applied to the gate of 
the transistor M2 , corresponding current flows only from 
the transistor M3 to the transistor M2 from among the 
transistors M3 , M4 , M5 and M6 in the case described above. 

In this state, since the gate of the transistor M5 
is OFF, no current flows to the transistor M6 , and no 
current flows also to the transistor M4 which serves as a 
mirror to the transistor M6 . Although same current I h 
should originally flow through the resistor Rh-A and the 
resistor Rh-B, in the state wherein the gate of the 
transistor M3 is ON, since current of a current value 
determined by the transistor M2 is extracted from the 
midpoint between the resistor Rh-A and the resistor Rh-B 
through the transistor M3 , the current value determined 
by the transistor M2 is added only to the current flowing 
to the resistor Rh-A side. 
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Consequently, Irii-a > iRh-B- 

While the foregoing relates to the case wherein C = 
1, where C = 0, that is, where only the input to the 
deflection direction changeover switch C is made 
different (the other switches A, B and J3 are set to 1 
similarly as in the case described above) , the operation 
is such as follows. 

When C= 0 and J3 = 1, the output of the XNOR gate 
X10 is 0. Consequently, since the inputs to the AND gate 
X2 become (0, 1 (A = 1) ) , the output of the AND gate X2 
is 0. Consequently, the transistor M3 becomes OFF. 

Further, when the output of the XNOR gate XI 0 is 0, 
since the output of the NOT gate Xll becomes 1, the 
inputs to the AND gate X3 become (1, 1 (A = 1) ) , and the 
transistor M5 is turned ON. 

When the transistor M5 is ON, current flows through 
the transistor M6 . However, from this and the 
characteristic of the CM circuit, current flows also 
through the transistor M4 . 

Consequently, current flows through the resistor 
Rh-A, transistor M4 and transistor M6 by the power supply 
Vh. Then, the current flowing through the resistor Rh-A 
all flows through the resistor Rh-B (since the transistor 
M3 is OFF, the current flowing out from the resistor Rh-A 
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does not branch to the transistor M3 side) . Meanwhile, 
the current flowing through the transistor M4 all flows 
into the resistor Rh-B side because the transistor M3 is 
OFF. Furthermore, the current flowing through the 
transistor M6 flows to the transistor M5 . 

From the foregoing, although, when C = 1, the 
current flowing through the resistor Rh-A branches to and 
flows out to the resistor Rh-B side and the transistor M3 
side, when C = 0, not only the current flowing through 
the resistor Rh-A but also the current flowing through 
the transistor M4 flow into the resistor Rh-B. As a 
result, the currents flowing through the resistor Rh-A 
and the resistor Rh-B have a relationship of Rh-A < Rh-B. 
Then, the ratio exhibits symmetry where C = 1 and where C 
= 0. 

By making the current amounts to flow through the 
resistor Rh-A and the resistor Rh-B different from each 
other in such a manner as described above, a bubble 
generation time difference on the two pieces of the heat 
generating resistor member 13 can be provided. 
Consequently, the discharging direction of an ink droplet 
can be deflected. 

Further, the discharging direction of an ink 
droplet can be changed over between symmetrical positions 
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in the juxtaposition direction of the nozzles 18 
depending upon whether C = 1 or C = 0 . 

It is to be noted that, while the foregoing 
description relates to a case wherein only the defection 
control switch J3 is ON/OFF, if the defection control 
switches J2 and Jl are further switched ON/OFF, then the 
current amounts to be supplied to the resistor Rh-A and 
the resistor Rh-B can be set more finely. 

In particular, while the current to be supplied to 
the transistors M4 , M6 can be controlled by the defection 
control switch J3 , the current to be supplied to the 
transistors M9 and Mil can be controlled by the defection 
control switch J2 . Furthermore, the current to be 
supplied to the transistors M14 and M16 can be controlled 
by the defection control switch Jl . 

Then, as described hereinabove, drain currents of 
the ratio of the transistors M4 and M6 : transistors M9 
and Mil : transistors M14 and M16 =4:2:1 can be 
supplied to the transistors as described hereinabove. 
Consequently, the discharging direction of an ink droplet 
can be changed to 8 steps of, using the 3 bits of the 
deflection control switches Jl to J3 , (Jl, J2 , J3) = (0, 
0, 0), (0, 0, 1), (0, 1, 0), (0, 1, 1), (1, 0, 0), (1, 0, 
1 ) , ( 1 , 1 , 0 ) , and ( 1 , 1 , 1 ) . 
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Further, since the current amounts to flow through 
the transistors M2 , Ml, M12 and M17 can be changed if the 
voltages to be applied between the gate and the ground of 
them, the deflection amount per one step can be changed 
while the ratio of the drain currents to flow through the 
transistors remains 4:2:1. 

Furthermore, as described hereinabove, the 
deflection direction can be changed over between 
symmetrical positions in the juxtaposition direction of 
the nozzles 18 by means of the deflection direction 
changeover switch C. 

As shown in FIG. 2, in the line head 10 of the 
present embodiment, a plurality of heads 11 are 
juxtaposed in the widthwise direction of the print paper 
and disposed in a zigzag pattern such that adjacent ones 
of the heads 11 are opposed to each other (each head 11 
is disposed in a phase rotated by 180 degrees with 
respect to an adjacent head 11) . In this instance, if 
common signals are sent from the deflection control 
switches Jl to J3 to two heads 11 disposed adjacent each 
other, then the deflection directions of the two adjacent 
heads 11 become opposite to each other. Therefore, in the 
present embodiment, the deflection direction changeover 
switch C is provided so that the deflection directions of 
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the entire one head 11 can be changed over symmetrically. 

Consequently, where a plurality of heads 11 are 
disposed in a zigzag pattern to form a line head, if C is 
set to C = 0 for the heads N, N+2 , ... of the heads 11 
which are at even-numbered positions and set to C = 1 for 
the head N-l, N+l, ... of the heads 11 which are at odd- 
number positions in FIG. 2, then the deflection 
directions of the heads 11 of the line head 10 can be set 
to a fixed direction. 

Further, although the discharging angle correction 
switches S and K are similar to the deflection control 
switches Jl to J3 in that they are switches for 
deflecting the discharging direction of ink, they are 
switches used for correction of the ink discharging angle. 

First, the discharging angle correction switch K is 
a switch for deciding whether or not correction should be 
performed and is set such that correction is performed 
where K = 1 but is not performed where K = 0 . 

Moreover, the discharging angle correction switch S 
is a switch for deciding which direction should be 
corrected, in the juxtaposition direction of the nozzles 
18 . 

For example, when K = 0 (when correction is not 
performed) , since one input from among the three inputs 
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of each of the AND gates X8 and X9 becomes 0, both of the 
outputs of the AND gates X8 and X9 become 0. Consequently, 
since also the transistors M18 and M2 0 become OFF, also 
the transistors Ml 9 and M21 become OFF. As a result, the 
currents to flow through the resistor Rh-A and the 
resistor Rh-B do not exhibit any change. 

On the other hand, where K = 1, for example, if it 
is assumed that S = 0 and C = 0, then the output of the 
XNOR gate X16 becomes 0. Consequently, since (1, 1, 1) 
are inputted to the AND gate X8 , the output of the AND 
gate X8 becomes 1, and the transistor M18 is turned on. 
Further, since one of the inputs to the AND gate X9 
becomes 0 through the NOT gate X17, the output of the AND 
gate X9 becomes 0 and the transistor M2 0 becomes OFF. 
Consequently, since the transistor M2 0 is OFF, no current 
flows to the transistor M21. 

Further, from the characteristic of the CM circuit, 
no current flows to the transistor M19 either. However, 
since the transistor M18 is ON, current flows out from 
the midpoint between the resistor Rh-A and the resistor 
Rh-B into the transistor M18. It is possible to reduce 
the current amount of the resistor Rh-B compared with the 
that of the resistor Rh-A. Consequently, the discharging 
angle of an ink droplet can be corrected thereby to 
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correct the landing position of the ink droplet by a 
predetermined amount in the juxtaposition direction of 
the nozzles 18. 

It is to be noted that, while, in the embodiment 
described above, correction by 2 bits formed by the 
discharging angle correction switches S and K is 
performed, if the number of switches is increased, then 
finer correction can be achieved. 

Where the switches Jl to J3 , S and K described 
above are used to deflect the discharging direction of an 
ink droplet, the current (deflection current Idef) can be 
represented by 

(Expression 1) Idef = J3 x 4 x Is + J2 x 2 x Is + 
Jl x Is + S x K x Is 

= (4 x J3 + 2 x J2 + Jl + S x K) x Is 

In the Expression 1, +1 or -1 is given to Jl , J2 
and J3 , and +1 or -1 is given to S while +1 or 0 is given 
to K. 

As can be recognized from the Expression 1, the 
deflection current can be set to 8 stages by settings of 
Jl, J2 and J3 , and correction can be performed by S and K 
independently of the settings of Jl to J3 . 

Further, since the deflection current can be set to 
four stages in positive value and four stages in negative 
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value, the deflection direction of an ink droplet can be 
set to the opposite directions in the juxtaposition 
direction of the nozzles 18. For example, in FIG. 4, it 
is possible to deflect the deflection direction of an ink 
droplet by 0 to the left side with respect to the 
vertical direction (Zl direction in FIG. 4) and also to 
deflect the deflection direction of an ink droplet by 9 
to the right side (Z2 direction in FIG. 4) . Further, the 
value of 0, that is, the deflection amount, can be set 
arbitrarily. 

Further, by controlling the application voltage 
value to the deflection amplitude control terminal B, the 
discharging deflection angle of an ink droplet can be 
changed (the application voltage value can be controlled 
digitally, for example, using a D/A converter) . 

Accordingly, since the transistors M2 , M7 and M12 
have the ratio of (X4) , (X2) and (XI) as described 
hereinabove, the drain currents to them exhibit the ratio 
of 4:2:1. Consequently, the current amount can be changed 
to eight stages within a range corresponding to the 
voltage value applied to the deflection amplitude control 
terminal B. As a result, the discharging deflection angle 
of an ink droplet can be adjusted to eight stages. It is 
to be noted that, if the number of transistors is further 
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increased, then the current amount can naturally be 
changed more finely. 

Also it is possible, for example, as shown in 
FIG. 7, to set the discharging deflection angle (in this 
example, maximum deflection amount) to a in response to 
the voltage value applied to the deflection amplitude 
control terminal B, or it is possible to set the 
discharging deflection angle to (3 (j= a) as seen in FIG. 
10. 

Now, several examples where the configuration 
described above is used to vary the resolution in 
printing are described. 

FIG. 7 is a view illustrating a state wherein an 
ink droplet is discharged in a deflected state from each 
of the ink discharging portions Nl to N3 of a head 11. It 
is assumed that, in FIG. 7, the discharging deflection 
direction of an ink droplet from each of the ink 
discharging portion Nl and so forth can be changed over 
to eight different directions using 3 bits of the 
deflection control switches Jl to J3 as described 
hereinabove. Further, it is assumed that the discharging 
deflection angle (maximum deflection amount) is set to a 
in response to the voltage value applied to the 
deflection amplitude control terminal B. 
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Here, in FIG. 7, the discharging deflection angle a 
is set in the following manner in two adjacent ones of 
the ink discharging portions, for example, in the ink 
discharging portions Nl and N2 . In particular, the 
discharging deflection angle a is set such that both of a 
landing point distance LI between a landing position Dl 
of an ink droplet when the ink droplet is discharged to 
the most right side from the left side ink discharging 
portion Nl and another position D2 of an ink droplet when 
the ink droplet is discharged to the most left side from 
the right side ink discharging portion N2 and a landing 
point distance L2 between adjacent ones of ink droplets 
when the ink droplets are discharged in the eight 
directions from the one ink discharging portion Nl or the 
like may be 5.3 pm and equal to each other. 

Furthermore, the distance between the ink 
discharging portion Nl and so forth (nozzles 18) is set 
to 42.3 \im so as to implement 600 dpi. 

At this time, where an ink droplet is discharged 
(in FIG. 7, the discharging direction of the link droplet 
is indicated by a thick line) along the fourth deflection 
direction as counted from the left side in the 
dischargeable eight deflection directions in all of the 
ink discharging portion Nl and so forth in FIG. 7, the 
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landing point distance between adjacent ones of the ink 
droplets discharged from the ink discharging portion Nl 
and so forth is equal to the juxtaposition distance of 
the ink discharging portion Nl and so forth and is 42.3 
Vim so as to implement 600 dpi. 

In contrast, where ink is discharged in all of the 
dischargeable eight deflection directions from all of the 
ink discharging portion Nl and so forth as seen in FIG. 8 
(in this instance, each of the ink discharging portion Nl 
and so forth discharges an ink droplet eight times on one 
line (line in the juxtaposition direction of the ink 
discharging portion Nl and so forth) , the landing 
position distance between the ink droplets is 5.3 pm to 
implement 4,80 0 dpi. 

Meanwhile, it is assumed that, in FIG. 9, the left 
side ink discharging portion Nl discharges an ink droplet 
in the fourth deflection direction as counted from the 
left side and the central ink discharging portion N2 
discharges ink droplets in the first and sixth directions 
as counted from the left side while the right side ink 
discharging portion N3 discharges ink droplets in the 
third and eighth directions as counted from the left side. 
In other words, while the ink discharging portion Nl 
discharges an ink droplet once on one line, the ink 
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discharging portions N2 and N3 discharge an ink droplet 
twice on one line. 

Where the ink discharging portions Nl, N2 and N3 
are controlled in this manner, the landing point distance 
between the ink droplets is equal to five times 5.3 \im, 
that is, 26.5 \im to implement 960 dpi. 

Furthermore, FIG. 10 shows an example wherein the 
discharging deflection angle is changed from a to p. As 
described hereinabove, the discharging deflection angle 
can be changed from a to (3 in response to the voltage 
value applied to the deflection amplitude control 
terminal B. 

Here, it is assumed that, where the discharging 
deflection angle is (3, the landing point distance L2 ' 
(corresponding to L2 in FIG. 7) between ink droplets when 
the ink droplets are discharged in the eight directions 
from one ink discharging portion Nl or the like is set to 
7.06 jam . 

Further, the discharging deflection angle (3 is set 
such that, in two adjacent ones of the ink discharging 
portions, for example, in the ink discharging portions Nl 
and N2, the landing position D3 of an ink droplet when 
the ink droplet is discharged in the seventh direction as 
counted from the left from the left side ink discharging 
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portion Nl and the landing position D3 of an ink droplet 
when the ink droplet is discharged to the most left side 
from the right side ink discharging portion N2 
substantially coincide with each other. Similarly, the 
discharging deflection angle (3 is set such that the 
landing position D4 of an ink droplet when the ink 
droplet is discharged to the most right side from the 
left side ink discharging portion Nl and the landing 
position D4 of an ink droplet when the ink droplet is 
discharged in the second direction as counted from the 
left from the right side ink discharging portion N2 
substantially coincide with each other. 

It is assumed that, in FIG. 10, the left side ink 
discharging portion Nl discharges an ink droplet in the 
fourth deflection direction as counted from the left side 
and the central ink discharging portion N2 discharges an 
ink droplet in the third direction as counted from the 
left side while the right side ink discharging portion N3 
discharges ink droplets in the second and seventh 
directions as counted from the left side. In other words, 
while the ink discharging portions Nl and N2 discharge an 
ink droplet once on one line, the ink discharging portion 
N3 discharges an ink droplet twice on one line. 

Where the ink discharging portions Nl, N2 and N3 
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are controlled in this manner, the landing point distance 
between the ink droplets is equal to five times 7.06 vim, 
that is, 3 5.3 pm to implement 72 0 dpi. 

As described above, where the ink discharging 
portion Nl and so forth can deflect and discharge an ink 
droplet in eight directions, a plurality of resolutions 
can be used for printing by changing the discharging 
direction from the ink discharging portion Nl and so 
forth . 

Furthermore, further different resolutions can be 
used for printing by changing the discharging deflection 
angles . 

While the original printing resolution of the 
printer of the present embodiment is 600 dpi as seen in 
FIG. 7, where the discharges of ink droplets from the ink 
discharging portion Nl and so forth are thinned out, 
printing can be performed also with 300 dpi or 150 dpi. 
Furthermore, by printing with a density twice or four 
times that of FIG. 7, printing with 1,200 dpi or 2,400 
dpi can be implemented in addition to printing with 4,800 
dpi illustrated in FIG. 8. 

Furthermore, such printing with 960 dpi as seen in 
FIG. 9 can be implemented, and also printing with 480 dpi 
or 32 0 dpi can be implemented by thinning out the landing 
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point distances of ink droplets in this instance to 1/2 
or 1/3. 

Furthermore, by thinning out the landing point 
distances of ink droplets illustrated in FIG. 8 to 1/3, 
printing with 1,600 dpi can be implemented, and by 
thinning out the landing point distances further to one 
half, printing with 800 dpi can be implemented. 

Further, in addition to printing with 720 dpi 
illustrated in FIG. 10, also printing with 360 dpi can be 
implemented by thinning out the landing point distances 
in this instance to one half. 

In the present embodiment, when print data are 
inputted to the printer, a printing resolution is 
determined in response to the inputted print data. For 
example, where the resolution of the print data is 3 00 
dpi, although it is possible to set the printing 
resolution equal to the resolution of the print data, 
also it is possible to change the printing resolution. 
When the printing resolution is to be changed, although 
it is possible to change the printing resolution by an 
operation of a user on the computer or printer side, also 
it is possible to set a printing resolution corresponding 
to the print data in advance on the printer side and 
automatically perform such change of the printing 
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resolution. The printing resolution may be changed to a 
printing resolution by which the resolution deterioration 
is little, for example, based on information of the print 
size and information of the resolution in the inputted 
print data or based on information of the print size and 
information of the number of pixels. 

Further, where the resolution is to be changed, 
when the resolution of the print data is M dpi, if the 
printing resolution after the change is set to M x n (n 
is a natural number) or M x 1/n, then deterioration of 
the resolution can be suppressed low favorably. 

Furthermore, when a printing resolution is to be 
determined, it may be determined such that all of the 
print data have an equal printing resolution, or it may 
be determined otherwise such that part of the print data 
has a first printing resolution and the other part of the 
print data has a second printing resolution different 
from the first printing resolution. For example, where 
the print data include both of a photograph and a 
document in a mixed state, the printing resolution may be 
determined such that it is set to 600 dpi for the 
photograph while it is set to 300 dpi for the document. 

After a printing resolution is determined, the 
discharging deflection angle, the ink discharging portion 
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Nl and so forth which should discharge an ink droplet is 
selected based on the printing resolution. For example, a 
data table wherein, for all printing resolutions with 
which the printer can print, discharging deflection 
angles corresponding to them and the ink discharging 
portion Nl and so forth to be selected are set in advance 
may be provided such that the data table is referred to 
to select a discharging deflection angle and the ink 
discharging portion Nl and so forth which should 
discharge an ink droplet is selected. It is to be noted 
that, where the resolution is equal to or higher than 600 
dpi, all of the ink discharging portion Nl and so forth 
are selected in the printing region, but where the 
resolution is lower than 600 dpi, since the ink 
discharging portion Nl and so forth in which discharges 
of ink droplets are thinned out (discharging of an ink 
droplet is not performed) exist, the ink discharging 
portion Nl and so forth are selected. 

Then, after a discharging deflection angle is 
determined, the deflection amplitude is controlled by 
controlling the voltage value to be applied to the 
deflection amplitude control terminal B so that the 
determined discharging deflection angle may be obtained. 

Further, upon printing, a discharge execution 
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signal with which the discharging direction of an ink 
droplet can be specified is transmitted to each of the 
selected ink discharging portion Nl and so forth. For 
example, the discharge execution signal represents the 
eight discharging directions of the ink discharging 
portion Nl and so forth in codes of eight digits in order 
from the left side and represents the case wherein an ink 
droplet should be discharged by "1" but represents the 
case wherein an ink droplet should not be discharged by 
"0" . 

In this instance, for example, in the example of 
FIG. 9, a discharge execution signal of "00010000" is 
transmitted to the ink discharging portion Nl, a 
discharge execution signal of "10000100" is transmitted 
to the ink discharging portion N2 , and another discharge 
execution signal of "00100001" is transmitted to the ink 
discharging portion N3 . 

When the discharge execution signal is received, 
the ink discharging portion Nl and so forth control 
discharges of an ink droplet in accordance with the 
received signal. For example, if the ink discharging 
portion N2 receives the discharge execution signal of 
"10000100" described hereinabove, then the ink 
discharging portion N2 controls so that an ink droplet is 
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discharged in the first and sixth directions as counted 
from the left side on the line. 

It is to be noted that it is necessary for the 
printer side to change also the printing timing of the 
print paper P in the feeding direction in response to the 
printing resolution. For example, where the printing 
resolution of 600 dpi is used for printing, it is 
necessary to perform printing such that the landing point 
distance between ink droplets is 42.3 pm in the 
juxtaposition direction of the ink discharging portion Nl 
and so forth. However, also in the feeding direction of 
the print paper P (direction perpendicular to the 
juxtaposition direction of the ink discharging portion Nl 
and so forth) , it is necessary for the landing point 
distance between ink droplets to be 42.3 pm (refer to FIG. 
7) . 

While an embodiment of the present invention is 
described above, the present invention is not limited to 
the embodiment described above but can be modified in 
various manners, for example, as described below. 

(1) While the present embodiment is configured such 
that the discharging deflection angle can be changed to a 
or (3, the printing resolution may be changed otherwise by 
changing only the discharging direction of an ink droplet 
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to be discharged from the ink discharging portion Nl and 
so forth while the discharging deflection angle is fixed. 
However, where the discharging deflection angle can be 
changed, then the number of kinds of the printing 
resolution which the printing apparatus has can be made 
greater . 

(2) While, in the present embodiment, the current 
values to flow through the two divisional pieces of the 
heat generating resistor member 13 are made different 
from each other to provide a time difference between the 
periods of time (bubble generation times) required for an 
ink droplet to be boiled on the two divisional pieces of 
the heat generating resistor member 13, the method of 
providing such time difference is not limited to this, 
but two divisional pieces of a heat generating resistor 
member 13 having an equal resistance value may be 
provided in a juxtaposed relationship to each other such 
that current is supplied at different timings to the two 
divisional pieces of the heat generating resistor member 
13. For example, if an independent switch is provided for 
each of the two pieces of the heat generating resistor 
member 13 and the switches are switched on at different 
timings, then a time difference can be provided between 
the times required for an ink bubble to be generated on 
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the two pieces of the heat generating resistor member 13. 
Further, to change the current values to flow to the 
pieces of the heat generating resistor member 13 and to 
provide a time difference between the times within which 
current is supplied may. be used in combination. 

(3) Further, while the present embodiment indicates 
an example wherein two divisional pieces of a heat 
generating resistor member 13 are provided in one ink 
liquid chamber 12, the number of such divisional pieces 
is not limited to this, but it is possible to use three 
or more pieces of a heat generating resistor member 13 
(energy generation means) juxtaposed in one ink liquid 
chamber 12. Also it is possible to form a heat generating 
resistance member from one substrate which is not in a 
divisional form and connect a conductor (electrode) , for 
example, to a folded back portion of a substantially 
meandering portion (substantially U shape or the like) in 
a shape in plan of the heat generating resistance member. 
Furthermore, a principal portion of the heat generating 
resistance member for generating energy for discharging 
an ink droplet is divided into at least two portions such 
that a difference is provided in generation of energy 
between at least one of the divisional principal portions 
and at least another one of the divisional principal 
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portions. Accordingly, the discharging direction of an 
ink droplet may be deflected by the difference. 

(4) While, in the present embodiment, the heat 
generating resistor member 13 is taken as an example of 
the energy generation means of the thermal type, a heat 
generating element formed from an element different from 
a resistor may be used. Further, it is not limited to a 
heat generating element, but an energy generation element 
of any other type may be used. For example, an energy 
generation means of the electrostatic discharging type or 
the piezoelectric type may be used. 

The energy generation means of the electrostatic 
discharging type includes, for example, a diaphragm and 
two electrodes provided on the lower side of the 
diaphragm with an air layer interposed therebetween. A 
voltage is applied between the two electrodes to distort 
the diaphragm to the lower side, whereafter the voltage 
is changed to 0 V to release the electrostatic force. At 
this time, the resilient force of the diaphragm when it 
restores its original state is utilized to discharge an 
ink droplet. 

In this instance, in order to provide a difference 
in generation of energy between individual energy 
generation means, for example, either a time difference 
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may be provided between the two energy generation means 
when the diaphragm is permitted to restore its original 
state (the voltage is set to 0 V so that the 
electrostatic force is released) or the voltage value to 
be applied may have values different from each other for 
the two energy generation means. 

Meanwhile, the energy generation means of the 
piezoelectric type includes, for example, a laminated 
member of a piezoelectric element having electrodes on 
the opposite faces thereof and a diaphragm. If a voltage 
is applied between the electrodes on the opposite faces 
of the piezoelectric element, then a bending moment is 
generated on the diaphragm by a piezoelectric effect and 
distorts and deforms the diaphragm. The deformation is 
utilized to discharge an ink droplet. 

Also in this instance, in order to provide a 
difference in generation of energy between the different 
energy generation means, either a time difference may be 
provided between the two piezoelectric elements when a 
voltage is applied between the electrodes on the opposite 
faces of the piezoelectric elements or the voltage value 
to be applied may have values different from each other 
for the two piezoelectric elements. 
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Industrial Applicability 

According to the present invention, an image can be 
printed with an optimum resolution with comparatively 
little deterioration in response to a resolution of an 
original image using a head wherein the discharging 
direction of an ink droplet from each ink discharging 
portion can be deflected to a plurality of directions. 
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